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Abstrat
Distane measurements to type Ia supernovae (SNe Ia) indiate that the universe is ael-
erating and it is spatially at. Otherwise, the rotation urves for galaxies or galaxy lusters
reveal the existene of a dark matter omponent. Then, approximately 0.35 of the total energy
density of the universe onsists of dark matter, and 0.65 of the energy density orresponds to
dark energy. These two dark omponents of the universe have dierent properties suh that:
dark matter lusters gravitationally at galati sales while dark energy, dominating at large
sale, does not luster gravitationally. It seems diult to nd a andidate whih explains the
observations at both large and small sales. In this paper we take into aount a salar eld,
more preisely a rolling tahyon arising from string theory, whih seems be apable to explain
the observations at dierent sales. We examine this salar eld behavior at galati sales and
we t the rotational urve data of spiral galaxies. Our results are omparable with the urves
obtained on one hand from a omplex salar eld, whih only plays the role of the dark matter
at galati sales, and on the other hand from the MOND model.
1 Introdution
The observational data of our Universe, at dierent sales, reveal that our Universe is dominated by a
Dark density omponent. Indeed, the measurement of type Ia supernova light urves by two groups,
the Supernova Cosmology Projet [1℄ and the High-z Supernova Team [2℄, leads to the onlusion:
the Universe is speeding up, not slowing down. Otherwise, an independent line of evidene for the
aelerating Universe omes from measurements of the omposition of the universe. The Cosmi
Mirowave Bakground (CMB) anisotropy measurements indiate that the Universe is at [3℄, so
the total density is: Ωc = 1. Moreover, in a at universe the matter density (ΩM ) and energy
density (ΩDE) must sum to the ritial density: ΩM + ΩDE = Ωc, where matter ontribution is:
ΩM = 0.33± 0.04 [4℄, leaving two thirds of the dark energy (ΩDE ≃ 0.65). In order to have esaped
detetion, this dark energy must be smoothly distributed. In order not to interfere with the formation
of osmi struture, the energy density in this omponent must hange more slowly than matter, so
that it was subdominant in the past. Theorists have been very busy suggesting all kinds of interesting
possibilities for the dark energy. Dark energy is a negative pressure omponent with an equation of
state as p = ω ρ with ω negative, not neessary onstant. One of the possible explanations is the
existene of a non-zero vauum energy, i.e a osmologial onstant where ω = −1. For andidates
like homogeneous tahyon eld([5℄) or salar eld (quintessene) [6℄, ω is time dependent and an
vary between −1 and +0.
∗
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At small sales, Astronomers studying the motions of stars in spiral galaxies notied that the
mean star veloity did not drop o with radius from the galati enter as rapidly as the fall-o in
luminous mass in the galaxy ditated aording to Newtonian gravity. The stars far from the enter
were rotating too fast to be balaned by the gravitational fore from the luminous mass ontained
within that radius. This led to the proposition that most of the mass in a galaxy was low luminosity
mass of some kind, and this invisible mass was alled Dark Matter (DM)[7℄.The amount of dark
matter present in the universe has been estimated using various tehniques, inluding observing
the veloities of galaxies in lusters [8℄and alulating the gravitational mass of galati lusters by
their gravitational lensing eets on surrounding spaetime. Then, the matter density is the sum of
baryoni density ΩB = 0.05 and dark matter density ΩDM = 0.25. So, the rotation urves (RCs)
of spiral galaxies [9℄ are the most natural way to model dark matter. Contrary to the dark energy
omponent, the dark matter omponent , with an equation of state: p = 0, lusters gravitationally
at galati sales. Partile physis provides an attrative solution to the non baryoni dark matter
problem. Long-lived or stable partiles with very weak interations an remain from the earliest
moments of the universe in suient numbers to aount for a signiant fration of ritial density.
Due to the supersymmetry (SUSY) breaking mehanisms, the supersymmetri theories oer the
most promising explanations onerning the dark energy and old dark matter omponents of the
universe. However, the nature of the supersymmetri andidates depend on the sale. Indeed, in the
Minimal Supersymmetri Standard Model (MSSM), where soft SUSY breaking terms are present,
the lightest neutralino is a good andidate for the old dark matter [10℄ but not for the dark energy.
The dark energy is due to a salar eld, the quintessene eld. And, the determination of the shape
of the quintessene potential depends on the SUSY breaking
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mehanism. Then, the quintessene
eld is not a good andidate to explain the observations at both small and large sales (although,
some salar elds an play the dark matter role [17℄ only ). Reent work on tahyon eld (arising
from string theory) in osmology ([5℄,[12℄,[13℄ and [14℄) tends to show that a tahyon eld an behave
like dark energy with negative pressure at large sale and an luster gravitationally on small sales.
So, if the ne-tuning problem an be explained,the tahyon eld is a viable andidate to explain the
observations at both small and large sales. In this ontext, we onsider a tahyon eld model, given
by T. Padmanabhan and T.R.Choudhury in referene [14℄, thanks to whih it is possible to obtain
dierent equations of state at dierent sales. At large sales, the authors have shown that this
model reprodues the orret behavior. Our study onerns the behavior of this eld on small sales
and more preisely its ontribution to the dark matter omponent of the universe. By simpliity we
retain only the Newtonian solution and t the rotation urve data of spiral galaxies.
This paper is organized as follows. In setion 2, we quikly review the tahyon salar eld model
and develop the Newtonian solution of the tahyoni Lagrangian onsidered. In setion 3, we present
the plots of the spiral galaxies rotation urves obtained with this type of tahyoni dark matter.
Finally, in setion 4 we onlude.
2 The tahyon salar eld model
In the string theoretial ontext, a tahyoni Lagrangian arises naturally.This is a generalization of
the Lagrangian for a relativisti partile and it takes the following form:
Ltach = −V (φ)
√
1− ∂iφ∂iφ (1)
where φ is the tahyon eld and V (φ) the potential.
This theory admits solutions where the two following onditions: V → 0, ∂iφ∂iφ → 1 an be
met simultaneously. Suh solutions have nite momentum density and energy density. Then, the
solutions an depend on both spae and time and the momentum density an be an arbitrary funtion
of the spatial oordinate. Thus, this ontext seems to be adapted at the same time to large and small
sales in osmology.
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However, SUSY breaking sale, at least of the order of 1 Tev, is the ruial point to aheive in expliit string
models. Indeed, suh a breaking must arise from nonperturbative eets whih are often diult to ontrol [11℄.
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2.1 The model
The model onsidered is given by T. Padmanabhan and T.R.Choudhury in referene [14℄. We quikly
review the prinipal ingredients. For more details, the reader is referred to [14℄. This model takes into
aount the gravitational interation modied by a salar eld and a salar potential. The eetive
low energy ation is:
S =
∫
d4x
√−g ( R
16piG
− V (φ)
√
1− ∂iφ∂iφ ) (2)
where R is the urvature salar, G the gravitation onstant (h = c = 1) and g the determinant of
the metri. Moreover, the eld φ is regarded as a salar eld for simpliity. The Einstein equations
are
Rik −
1
2
δikR = 8piGT
i
k (3)
and the stress tensor for the salar eld an be written in a perfet uid form
T ik = (ρ+ p)u
iuk − pδik with uk =
∂kφ√
∂iφ∂iφ
and uku
k = 1 (4)
The density and the pressure are respetively:
ρ =
V (φ)√
1− ∂iφ∂iφ
; p = −V (φ)
√
1− ∂iφ∂iφ (5)
This stress tensor an be put in the form aording to:
ρ = ρDE + ρDM (6)
p = pDE + pDM
with the two dierent equations of state:
ρDM =
V (φ)∂iφ∂iφ√
1− ∂iφ∂iφ
and pDM = 0 (7)
ρDE = V (φ)
√
1− ∂iφ∂iφ and pDE = −ρDE
Thus, we notie that the stress tensor an be broken up into the sum of two omponents, one
having the behavior of dark energy and the other one the dark matter behavior. However, the
salar eld φ must have a partiular onguration to aount for the equations of state on dierent
sales.Then, the eetive eld
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that we hose has the following form:
φ(t, r) = A(r)t+ f(r) exp(−2t) (8)
where the funtions, A(r) and f(r), determine the evolution of the eld on the various sales.
The time dependene is related to the potential
Vr(φ(t, r)) = V0 exp(−
φ(t, r)
φ0
) (9)
At large sales, the rate of the expansion of the universe is determined by A(r). Indeed, when
r inreases the utuations derease, so φ(r) will be a dereasing funtion of r thus A(r) will have
a value less than unity. Taking φ·(r) = A(r) = constant and V = V0/ exp(A(r)t) one an nd
onsistent set of solutions for an Ω = 1 Friedmann-Robertson-Walker model with a power expansion
a(t) ∝ tn and A(r) =
√
2
3n
.
2
The eetive eld is the average of a eld φ(t, x) over a length sale r ([12℄, [13℄ and [16℄)
3
For the small sales (r small), the dust omponent prevails. So we onsider the asymptoti limit
(t → ∞) and ρDE ≈ 0 what implies that: V → 0 and ∂iφ∂iφ → 1, thus A(r) → 1. In this ontext
we have
ρDM ≈
V0√
4f(r)
for φ0 ∼ 1/2 and ρDE ≈ 0 (10)
the pressureless omponent dominates at galati sales and the assoiated density is independent
of time ([12℄, [13℄). This resembles the non-interating dark matter and the eld φ(t, r) an play the
role of dark matter.
We have just seen that this salar eld an give an aount at the same time of dark energy and
dark matter omponents of the universe. The next step is now to study the behavior of this eld at
galati sales.
2.2 Newtonian solution
In this setion, we onsider the salar eld φ as the dark matter of the universe at galati sales.
Under these onditions, the expression of the eld takes the following form:
φ(t, r) = A(r)t+ f(r) exp(−2t) with A(r)→ 1 (11)
The analytial expression of f(r) is given by the solution of the dierential equation for the
salar eld. This equation is obtained from the Lagrangian (2), the Einstein equations (3) and (4)
and the Klein Gordon equation for a massless eld. Moreover, the spherially symmetri solutions
are haraterized by the Shwarzshild metri:
ds2 = exp(ν(r))dt2 − exp(λ(r))dr2 − r2(dθ2 + sin2 θdϕ2) (12)
where ν(r) and λ(r) are onstant for the Newtonian solutions.
Then, the dierential equation for the salar eld is given by
f
′′
(r) +
2
r
f
′
(r)− 4f(r) = 0 (13)
where
′ = d
dr
. For simpliity, we take exp(λ(r)− ν(r)) = 1 sine ν(r) and λ(r) are onstant.
The Newtonian form of f(r) reads
f(r) =
1
r
(C1 sinh(2r) + C2 cosh(2r)) (14)
where C1 and C2 are two onstants, with C2 = 0, so that the solution is not singular at the origin.
Taking into aount the equations (14) and (10) the density energy expression takes the following
form:
ρDM =
V0√
4f(r)
=
V0
2
√
C1
√
r
sinh(2r)
(15)
For small r, we have ρ ∝ V0
2
√
2C1
(1− r2
3
+ r
4
10
), i.e. it is proportional to a onstant C = V0
2
√
2C1
. This
onstant resembles a ore radius. Otherwise, the mass funtion is given by M(x) =
∫ x
0
ρ(r)r2dr then
we obtain
M(x) = C
∫ x
0
r(5/2)√
sinh(2r)
(16)
Therefore, we shall model rotation urves of spiral galaxies. Observational data show that rotation
urves are beoming at in the surrounding region of galaxies where data are reeived from the 21m
wavelength of neutral hydrogen (HI). We introdue dark matter onsisting of the massless salar
eld whih interats with the luminous matter exlusively by the gravitational fore. We apply only
Newtonian solutions of our model.
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For the stati spherially symmetri metri (12) onsidered here, irular orbit geodesis obey to
the veloity v2φ ≃ M(x)x then:
v2φ ≃
C
x
∫ x
0
r(5/2)√
sinh(2r)
(17)
The behavior of vφ is presented in gure 1, for C
′ = 90km/s (with C ′ =
√
C ). At low x, this
urve presents a maximum and an asymptoti value for large x.
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Figure1: A rotation urve v

for a value of C
0
= 90km=s where the
veloity is in km=s and x in kp.
3 Rotation urves for spiral galaxies
To model rotational urves of spiral galaxies, we use the universal rotation urves of Persi, Salui
and Stel [9℄
3
and some individual ones [15℄. The total rotation urves result from a ombination of
several omponents, i.e. the stellar disk, the halo, the gas and the bulge of the galaxy
vtotal =
√
v2disk + v
2
halo + v
2
gas + v
2
bulge (18)
The rotation urve for stellar disk follows from an exponential thin disk light distribution and the
halo ontribution is given by vφ.
3.1 Universal rotation urves
The universal rotation urves [9℄ depend on two omponents: the stellar disk and our halo
vtotal =
√
v2disk + v
2
halo (19)
The ontribution from the stellar disk an be written as:
v2disk(x) = V
2(Ropt)β
1.97 x(1.22)
( x2 + 0.782 )1.43
(20)
3
However, universal rotation urves, depending only on the luminosity, don't represent very well the data in some
ases[18℄
5
where x = R/Ropt
4
, v2halo = v
2
φ and β = 0.72 +
0.35
2.5
(M∗B −MB). The absolute magnitude in the
blue band is M∗B = −20.5 and MB = −0.38 + 0.92MI (MI for the I band). The onstants in the β
funtion are arranged in order to obtain the best t for our rotational urves. The equation (20) is
valid within the range 0.04 ≃ x ≤ 2.
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Figure2:Height universal rotation urves arranged by absolute magnitudes
MI, the radial oordinate x in units of the optial radius x
opt
and the veloity
v in units of v(opt). The halo urve is represented by a green line (or gray
dotted line) for initial values C
0
= 1:5; 1:36; 1:29; 1:21; 1:05; 0:93; 0:74; 0:62
orresponding to MI =  18:5 for the rst and MI =  23:2 for the last
value. The blue (blak dotted) and red (ontinious) lines are respetively the
dis urve and the total rotation urve.
4Ropt is the optial radius suh as Ropt ≡ 3.2RD where RD is the disk exponential length-sale.
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Figure3: Rotation urve ts for NGC6503, NGC2403, NGC3198 and
NGC2903 with our halo (red or blak ontinious), stars (blak dotted) and
HI gas (light blue or gray dashed-dot). Our rotation urves are the pink
(or gray dotted) urves. The urves assoiated to the salar omplex eld
are green (or gray long-dashed) for the veloity of the eld and dark-blue (or
dark-gray dotted) for the rotation urves. The veloity is measured in [km/s℄
and the radial oordinate r in [kp℄
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Figure4: Rotation urve ts for NGC7331 and NGC2841 with bulge. Our
halo (red or blak ontinious), stars (blak dotted), bulge (red or gray dotted)
and HI gas (light blue or gray dashed-dot) are represented. Our rotation
urves are the pink (or gray dotted) urves. The urves assoiated to the
salar omplex eld are green (or gray long-dashed) for the veloity of the
eld and dark-blue (or dark-gray dotted) for the rotation urves. The veloity
v is measured in [km/s℄ and the radial oordinate r in [kp℄
Our halo ontribution depends on the parameter C ′ only. At eah absolute magnitude MI orre-
sponds one C ′ value.
The main results are shown in Fig.2. This gure shows eight observational rotation urves with
dierent absolute magnitudes MI as well as the tted urves using equation (19). The individual
ontributions from disk and the salar eld are also shown. From the observational data, we see
that low luminosity spiral galaxy has a rather inreasing rotation urve and a high luminosity spiral
galaxy a rather dereasing rotation urve. This means that a spiral galaxy with low luminosity is
stronger dominated by a dark matter halo than a spiral one with high luminosity. Our model has the
same behavior. Indeed, for low luminosity, the salar eld ontribution is more signiant than in the
ase of high luminosity. This fat is related to the parameter C ′ whih only determines the halo far
from the luminosity matter region. Unfortunately, for low luminosity orresponding to MI = −18.5
for the rst and MI = −20.9 for the last one, we don't have a good agreement of the data. Our
urves are below the data with an order of magnitude of 20% for the rst and 15% for the other
ones. For high luminosity we obtain a rather good agreement with the data.
3.2 Spiral galaxies rotation urves
In this subsetion, we onsider two type of individual spiral galaxies ( [15℄ and[17℄), some of them with
bulge and the others one without. Four galaxies, where the stellar disk, gas and halo omponents
ontribute to the rotation urves, are shown in gure 3. In gure 4, we present two spiral galaxies in
whih a lear bulge an be read o the light urve. For eah individual galaxies, in order to obtain the
best t for our rotational urves, the C ′ parameter is dedued from the observational data and the
disk omponent so that: C ′ ≃ vdisk in the range where the observational rotation urve beomes at.
Moreover, for eah spiral galaxy, vφ reahes its maximum at the radial oordinate r orresponding
to the last observational point. The data for rotation urve ts are listed in Table (1).
Conerning the spiral galaxies without bulge, the rotation urves are presented in gure 3. Figure
3 shows the observational data, the individual ontributions from luminous matter, the gas and our
halo of four dierent spiral galaxies. The omparison with a salar omplex eld, [17℄ (Ψ(r, t) =
P (r) exp(−iωt)) whih plays only the role of dark matter, is also shown. The maximum observed
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Galaxy Type
Distance
(Mpc)
Vmax
(km/sec)
Luminosity
(109M⊙)
RHI
(kpc)
C ′
(km/sec)
NGC2903 Sc(s)I − II 6.40 216 15.30 24.18 153
NGC3198 Sc(rs)I − I 9.36 157 9.00 29.92 116
NGC2403 Sc(s)III 3.25 136 7.90 19.49 109.5
NGC6503 Sc(s)II.8 5.94 121 4.80 22.22 96
NGC7331 Sb(rs)I − I 14.90 257 54.00 36.72 192
NGC2841 Sb 9.46 326 20.50 42.63 237
Table 1: Data for rotation urve ts
rotation veloity for the galaxy NGC6503 is vmax = 121km/sec and the order of ∼ 216km/sec for the
NGC2903. In these urves, we remark that the agreement between our model and the observational
data, is sensitive to the maximum observed rotation veloity. Indeed, for the spiral galaxy NGC2903,
we obtain a very good agreement of the data as for the salar omplex eld. When the veloity
dereases, i.e. for NGC2403 (vmax = 136km/sec) and NGC3198 (vmax = 157km/sec), our urves
are below the data in the surrounding region, with an order of magnitude of 10% for the rst one
and 15% for NGC3198 whereas the omplex eld model desribes the data perfetly. In the ase
of the Modied Newtonian Dynamis (MOND) model [19℄, the rotation urves agree well with the
observed urve for NGC2403 and for NGC3198 the dierenes are in the opposite sense (about 15%).
However, onerning the spiral galaxy NGC6503, our model as well as the omplex salar eld don't
reprodue the observational data.
The spiral galaxies, NGC7331 (vmax = 257km/sec) and NGC2841 (vmax = 326km/sec), with
bulge are presented in gure 4. For NGC7331, our model (like the salar omplex eld and the
MOND model) reprodues the observational data perfetly. Unfortunately, we obtain very bad
results for NGC2841 in the inner regions (about 30%), as in the ase of the salar omplex eld.
However, in the outer regions the salar omplex eld model gives good agreement with the data
while our model is lower (about 20%). In the MOND [19℄ model, the predited urve is signiantly
higher than observed in the inner regions (about 15%) and omparably lower in the outer regions.
Finally, we onlude that the onsidered tahyoni eld (eq.11) [14℄ gives interesting results at
galati sales, for reasonable veloities. For extreme veloities suh as: 121km/s (NGC6503) and
326km/s (NGC2841), our model as well as the omplex salar eld (and MOND model) don't
reprodue the observational data. In this ontext, suh eld seems to be a viable andidate to
explain the observations at both small and large sales.
4 Conlusion
In this paper, we were interested in a tahyon eld [14℄ (arising from string theory ref.[5℄,[12℄,[13℄)
whih an behave like dark energy with negative pressure at large sales and an luster gravitation-
ally on small sales. Suh tahyon eld seems to be a viable andidate to explain the observations
at both small and large sales. Here, we have studied the behavior of this tahyoni eld at galati
sales and more preisely its ontribution to the dark matter omponent of the universe. By simpli-
ity, we have retained only the Newtonian solution of the Lagrangian onsidered. In this ontext, we
have tted the rotation urves of six spiral galaxies (two with bulge and four without bulge).
Our rotation urves show that this model gives interesting results. Indeed, for the galaxies
NGC2903 and NGC7331 we obtain a good agreement with the data and reasonable results for the
other ones. our results are omparable with the urves obtained on the one hand from a omplex
salar eld, whih only plays the role of the dark matter at the galati sales, and on the other
hand from the MOND model. To onlude, we think that suh tahyoni eld is a viable andidate
to explain the observations at both small and large sales.
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